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(54) GROUND-HEIGHT-DATA COLLECTING DEVICE AND UNDERGROUND EXCAVATING SYSTEM 
FOR BURYING SMALL-DIAMETER PIPE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the workability and the 

excavating accuracy of the excavating work by a drill head. r 

SOLUTION: This underground excavating system comprises an 
excavating device 3, which can control the thrusting direction of a drill 
head under the ground, and a surveying device 5, which surveys the 
position of the drill head under the ground. The excavating device 3 has 
a magnetic-field generating part 32 provided at the drill head and a 
rotary-angle output part 33, which outputs the rotary angle of the drill 
head to the surveying device 5. The surveying device 5 has a position 
measuring part 51, which measures the depth from the ground surface 
to the drill head and the position of the right and left directions with 
respect to the planned excavating line by measuring the strength of the 
magnetic field generated from the magnetic-field generating part 32, and 
a storage medium 52, which stores the depth and position data 
measured by the position measuring part 51 at each measuring point on 
the planned excavating line at the time of the excavation and the 
rotary-angle data outputted from the rotary-angle output part 33. The 
thrusting direction of the excavating device 3 is controlled from the 
excavation-program data and the above described depth data, position 
data and rotary angle data stored in the storage medium 52 beforehand. 
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Hrt«C*64*fctt TOj 3-F*ffl*U -45° ^ 
t >-9 0° <7>«Hrt«:**i*«:tt r-ija-Ht 
tttt7U -90° ^t>-135* CD$SHF*g&C&&4£ 
CCtt r-2 J 3-F*B#U -135° ^t>-18 
0° OffiHrtCC*4i*CCtt r-3 J 3-F4HWJU 
-180° ^t>-2 25' (DfifflrttC*4i*«Ctt 

r-4j3-K*HiAU -2 2 5° ^t>-2 70° 
(DmWftlC&ZtSMZ r-5 J 3- F&BMU -2 

7 0° t>-3 1 5" <Df5Bft&C&£4£CCCi r - 

6 J F4tH^U -315° £ t > - 3 6 0° <D|5 
Hrtfc*S4S«:« r-7j 3-F4HWJTS. 
[0 0 5 1 ] BQtett, tb«te*tNb*Cft6©3- F 
4, *(D3-F^1"Fy^^ F3 6<D[3f£# 

[0 05 2 ]^/c J6ittf$8@tbSP5 3T?tt. 

(T=b&%StS'J,£P a ) ro F ! J ^ * F 3 6<D : m$& 
WStmt. *©B«ffl« (-TtttotlHttftPb) r©F 
F3 6<WH1B«S (tttHHHMR) 4*>e>, S 
ASEl§t4i?tHir6 Cfc^sr^S 16). 

[0 05 3] »B«««3Ttt. «3aSK5^6U*Stl 
SCti6©n- FCca^T, Fyjl/"^* F3 6*6MS 
3t!:&44fc&c. twaStifcJtAK«*£»Fy^^ F 

3 6 4ffiMT£3Hfi3P4tT5o 

[0054] o^D, TOJ 3-F©i»iCttFy^ 
* F3 6*iSJt3-a:. r + l j a — FG>4#CCMt FUJI/ 
^^F36^+45 e SKS4« r+2j 3-F©4* 
CCttFVJ^^ F3 6 4+9 0' iMES-e, r+3j3 
- F04*fctt FU^9 F3 6 4+135° 0(63 
t>\ r+4j 3-F04*«CttF»;^9 F3 6 4+ 1 

8 0° T+5J 3-F©4»«H*Fy^^ 
F364+225* IHESi* r + 6j 3-K©i«lC 
ttFyJl/^v F 3 64+2 7 0 e INKS*. r+7j 3 
-F0it^iF'j;^7 F3 64+3 1 5* HifS^if 

[0 05 5 ] S/c, r - 1 j 3- F<D4*tC»FyjU^ 
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^ F3 64-4 5° rsHES-S. r-2 J 3- F04&CC 
«Fy^? F3 64-90* r-3 J 3- 

F©4*«ct*Fyjl/^* F3 64- 1 3 5' 0(6 Si*, 
r- 4 J 3-KOi*«CBK'j^A^ F3 6 4- 1 80 

• [§HESti\ r-5 J 3- F©4€TCCBFyiU^^ F3 
64-225° HKS#. r-6j 3-F04*CCttF 
yjf/^9 F 364-270* r-7j 3- F 
CD4«rec»FyJi/^? F3 64-3 1 5° BESt";*. 

[0 0 5 6] COiSCc, S3E«B5 ft»60%SNB5* 
10 (HIEftRDWAeii) lCftoT»i£g3 <D F U JU^ 

* F 3 6 O^^ZiC«ijiffifflt4»JiaJ't?* 4 <t 5 CfT 

aa ^oiEWttfwatf aw «t« 4 a * tor $> 

[005 7] S2^S5 5 4 tctt, ^tSE 

ftg (Ttoft-fefWI^P a)t©F y ^ v F 3 6 ©81 

WW) 4©B«*>&3fc«>6*ifc, ^<7)tWJ*PbflStC 
mt*tc&><D F y ^ * F3 6©EHEft 4J± 
«*8*C *5a-F44*> £ . 

20 [0058] *~(Dtc&>, mnmm3 tm^mms t&m 
«5©»fw«. as^»5 4«:«SKsntefB^fie»©ffif 

ffi4«Bima3(Dgl^#CC»l6^^^:^r<fc<, «M># 

rfe«iW^rtt43tcs*>or*4. «*$° > 5 4fic 
ii^-r & c 4r k f y ^ ^ f 3 6 oaas^jg^ao 

[0 0 5 9] ?6(C, a^SB5 4^a^l/T^4 FU^ 

f 3 6 <mwk7v^m^wm» 5 2 cc^r * c 

4tcJ:D. Sa^^T^CDg*4f^c^Jffi*r4C4^ 

30 -C#4o 

[0060] £tc, 4 mnmmcomnt 

[006 1 ] -T^t>%, tHMAP 0«:*51>T, 3c©8t8B 
ltOFyjK^ F3 6CDttH^34^in3l5 5 4tc 
^■r^>444>cc v ^^$n/cH-@iai$k: F V)l>^v F 
36»s!i^<t^ 4 Fyjl/^7 F3 6«ft (0(£ 
r^I*) at)«Affi«l4«3eU «S%S54CCFy^3r 
F3 6O0Kft (l§PKfa£) RCfRABBHISra^r* 

(01 oscwai 1)0 

40 [0 06 2] -eLT, FUJl/^y F3 6 4ttS9^P 1 * 
-CMAflL ffili!g95 1 fc<fc^T»JW£»3 2 ±9 
^6h*»»(D«IS4H1IBLr, IHMiAP 1 F y 

f 3 6 ©jBS&cyttBiiij&r a. 
[006 3] mmmmnm^b 3 ^(Daij^*sm 

4, W«^PirotHB»S4<DlS*J|tUl0r. a^SB 
5 4tC^*r^ (012) o 

[0 0 64] ^Ur, Cft6<D»aj*S3l4, fiRijSSB3 

(Dseftaa^;gB3 3frt>nhnz> f y;i/^^ F3 6<d 

50 r, ^<D«B!TO^[pI^5/c*(Dj§^4SaB^S3(Cffl 



[0 0653 ^(DmttitmfeT&z-cmoiELft ■? 

[0066] cot » . &itffi'j.£P o ~p 8 ommxn 
tc?- * zimmft 5 2 icmmi%&L zfmtft 
5. m-?-* tc«. «te*ss <as) *>i®»jn 

[0 06 7] -eor. iatt£M*5 zicfimistcT-z 

* - * ft £' £<sW!i 0 r B?2ISg bfrhWWtl, fclEtttt 

*5 2©rts*ss*mu. ^©g^wuc-r-**, w 
#s*ssMi^Trsc£#i^£fts. cn«cj;o t re 

[0 068] iC^-C, K';^» F3 6*MWSSB3 

iag©ft«ii^KFyju^v f 3 6 wm&wtmm 

Ttc*,^®*^ mcDmmttz) *®m.?ztctbic-rti 
z&czm^'b&Zo *lx. c©<fc^ftis^c«. % 
©-rnfc{4g-c©tfiiais*i^e.ftir : >. -€■©/<:«>. ft* 
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* m*¥&fti£l<tc2tW£iP 0 ~ P 8 -e©H-iSg!<* 
[006 91-^CT, C©J:^ftP?gi^|g?B-r^fcJ{). 

[0070] f ftfe*>. Ks-r-sn-s'j^ffl ( p o - p i 

n. P1-P2K. • • •. P7-P8W) 
« 0 r WRa>MWHAA«R » * <t <t 4 K . KtMSW* 5 
10 2Cttt> cn6tWJ*P0~P8RC>'fflfftita'J*{C*JW 

£ffifJftiSr-*£^&fatg3tf-cfc<„ *yt. &gfltl 
5£gp5 1 1*. i8S-r*ita9^ra©tWMtpT f y » 

F 3 6 ©jt?f£X U DfcJS^CC . MttX Gfc F 

[0 07 1 ]t^, &©tHWj£*Pd. H»Jtp©H" 
Ite?rPcit5i, tHfflfiW3e»5 lTtt. MeMft& 
P0*><=>©Kl$tLc£#i&. C©H3*Lc{C»t,t. «■ 

MS p c t.cm.hi&^msmm^xcDmmiT"- $ £tatg 

fKW£P c -COWiSaiS D a *T5£ < 2 ) CC 

[0 07 2] 
[K2] 



Da = D0 + (P cKftfciai^taffiiS-?-*) +LcXtanfl+*/2 

• • • (2) 



fc/cU DO :*B»|g|S3 (ttim&£-C<DtHIBR3> . 

[007 3] c©«t $k. itMj&^oMttitiMi£<c*> 
s. 

[0074] *yt. «mHM&**< -rtitf-rsair. 
±12 (2) s;cp©L c*iEiiec9Js-rn«-r-5«<»r. ■** 
tucat o -xxomm ^ ©» m*f s«tsj±-r s „ 

[007 5] 

[#£BJ©3&m] ^^©WSGSlfattOMSlS^-^iR 

mtnm-r hmmm^att. mwwBiKii 

«HW*Si . f»BHillHH-»^«(c J: ->rtH»3 tifcft 
MIMA* 6«ttttA * -C©7k¥^«J^gt i . ttl B^<4 
«KW#S«: «fc ortHWS tifc*fHWjar<0»«*¥« 
#>6©JI6&©±T^&S<!: **t!6 ^ti-Zcflfi^UfT 1 - $ £ 

[0076] *fc. *^Hj<DW*ii2iaig©^as«a 



9 F©»«p-C©«ja*ift|«rW»'C**||BU«Bt. »"P 

r©Mia f u;^9 FotfatfcaaE-rsisaefiai**^ 
ft o . m&mnmmt. mm f u ^ 9 f icstt 6 tifc 

JSW^^Si . «NB F Jl"^- 9 FOBKAtMBHE 

«. (ugBfflEI!t^#l2©^-r*)SBSIf5SS4»J5e-r-2)Ci 
(CfcO. ttffiB»6MnBPUiU^9 F*T?©*SifflBU 
fHB«MC»-r S fc6*[6l©Cig i «rS'JST ^ (4gI'J5£# 

i sfir«ms^stc «fc o a>is 3 n sai 3 so'fig^- ^ . 
Ro'Buiaiifeft a^j#©ic j: 0 a* 3 n/c@Kft t=- $ 
*ettr 5 tas#s i *« a . c ©tais^^tc^ »iats 

(.c^-oxm^titcm^mr-^tvim^x. Mia® 
gij^acJtji^^Pffli-r^xfc^^tg^u/c©-^ jf« 

ftS„ 

[0 07 7 1 J/C, *!6HJ©i«5}cS3ia«S©/hnS«« 

so'tHieft f-fi (c«-^^r . f y ji-^ 9 f i>mnm 
H^±©KS-r ^^©tta'J*{4gtcjitffc»© f y;u-v 
9 v<D®m;n&vnAmM*:&tii-rzmmm®Ktii^m 
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F©0$E#£D r RAi£8l£^^£^m#©<t£<IAfc 

0 r t, > z> A^osissfc £?a K. 'U 2> . 

[ o o 7 8 ] ttc. *m*<Dmmm4$EM<D>hnmwm 

tt3nfcsaffjttiii7 r -$t. aisf 1 -^. ttg^-fa 
T-zt icm-mx. k y ? f #Ji8ijff-H io 

F y 9 K©Jijt?:$lJtai-r-5SIJiai^<!: £fif*fc1f l& 

1 b fc©"C . ^S^gfc <fc &JIBiJ£Sg©iB5I*>-?IEfi8& 

[0079] *mi<Dtmm5tm<D>m'&mm. 

tt. CtieitS'J.^RD-'fflSjff-S'J.'Stcfc^SSaBiJitBjT 1 -- 
»j*ra©ft«J^t>t? h* y;i"w K©H?r^xu*^DfcJ« 
mmm&x<z>riw& s *»tH-r -s <t 5 tciitf ^ fc© 
s©fiLffi*spjfigi*»}, n-ii^$©#afflsti6j±-r 

-r»tB80-c $>.*>. 
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[04] *^BJ©^DS'gai9:fflJii!*fflgiJ->x^A*^ 

[05] *mi<D>hn®mm&mm*wmi'*7-j**-£ 

[06] *^Hj©/hpg«ai9:ffi«fe*fflgiJ^x^A{cj: 
*IIIWPI££l&BJ^£fc©©0r**., 

[07] K y F©@SSft <h -e© <!: $ ©«3t^(Sl <!: 

©M^*^-r0t?**. 

[08] a&curceF!/*^? K©*s&eHfc«&. 

^©SmS-CCW-iagJISi©^^?,. ^©SSfig 

^H^UiBj-r 5/c«>©ssn0r & s. 

[0 9] i:b^*S^-C*^,=i-F<b. *©a-F*Wi- F 
y;U-s? FOBS* (*^sg££) i©M^*-K«U<!: 
•C^-T0^-C*S. 

[0io] ^gp-c©a^rtS^^t-0-c$>s o 

[011] ^7K§15-C©^rt^ ; Sr^-r0r*-5. 
[012] ^gfl-C©^rt«£5rr0r££. 

[flHt©BMm 

1 u— mm 

2 «'fi£g 

3 JHfN&B 
5 JffiiSg 

2 2 U — Tft^feS} 

^ifts§siitffl'JSiJ 
5 2 fats*®** 
5 5 mm» 

f yn^* f 



2 3 
2 5 

2 6. 

3 1 . 
3 2 
3 3 
3 5 
3 6 
5 1 
5 3 
54 



£ 



21 



[01 ] 

22 





3 




23 — 













1-^ 



E 



24 













[06] 



///////// 

R> Pa Pb 



27 



£ 18 «£ * 



(9) 



#ga¥9-2 8 7 944 



[02] 



17] 



1 



2 R J\ 



/////// 



////////////////?\\ y-y 



[8] 



[03] 




[6] 



[5] 



[21 




-13] 



14] 



32 



m a m 



j — ^ 



51 



33 







/ p n 


1 


i 




sate*** 
















-5 






[04] 



35 



L Po Pi PLEL AJBl-l- •:.:.-.Pi 



[09] 







&&&& 




+ i 


+ 4 5 # 


-l 


-45° 


+ 2 


+ 00° 


-2 


-0 0° 


+ 3 


+ 18 5* 


-3 


-185 s 


+ 4 


+ 18 0° 


-4 


-180 B 


+ 5 


+ 2 25* 


-6 


-225* 


+ 6 


+ 270* 


-6 


-270* 


+ 7 


+ 31 5° 


-7 


-3 1 6° 



[010] 



OOm 
OOm 



[012] 



nm&z : O O m 
nm&z : O O m 



1 1 ] 



t 



4#H)¥9-2 87 944 




[08] 



( 88 l ») 




| lai ggg| [ en g«| |[2i3ffl| |ma*| [gj c | |[3jg«| [li] 



is ] ax | | m »a| 



|^oigfe»fciw<ara)-c»g») — S15 
| K<au&&m^<D®i&pi£nAmmt:Zi&ft \ — S16 



